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TECHNICAL FIELD 

[001] This invention relates generally to the data busses. More particularly, the 
invention relates to the field of high-speed interconnectivity amongst motherboard 
components. 
BACKGROUND 

[002] Computer components such as memory are typically accessible from different 
locations in any given system. On a computer motherboard, for example, a Level 1 cache 
is located on the IC chip, while the Level 2 cache is frequently located in nearby modules. 
To access the main memory, an electrical or electronic buss is commonly used to transmit 
signals between the CPU and the main memory of the computer, or as the case may be, of 
the video module or plug-in card. In practice, the speed or performance of a computer (or 
of the video module or plug-in card) is very often more limited by capabilities of the buss 
between memory and CPU and its design, than by the operating speed of the 
microprocessor. 

[003] Traditional approaches to memory buss structures and methods for their creation 
have thus far been limited to the use of circuit traces that are an integral part of the circuit 
board that interconnects the memory modules to the CPU. This has not been a significant 
matter of concern in the past, because memory devices operated fairly slowly. With 
newer memory architectures, however, it is possible to run memory much faster, but even 
this improvement has been impeded by buss design. Thus, the fall capabilities of the 
memory components are typically not achieved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[004] FIG.l A illustrates a system where a bus is directly connected to a device module 
in order to enable direct communication between a motherboard component and that 
device module, according to an embodiment. 
[005] FIG. IB is a top view of FIG. 1 A. 

[006] FIG. 2 illustrates a device module design in which a plurality of board leads are . 
arranged on a module board for purpose of facilitating or otherwise enabling faster and 
better quality connections to be made with the device module. 

[007] FIG. 3 A and 3B are cross-sectional views of alternative embodiments in which a 
controller or other motherboard component is interconnected with a device module using 
a high-speed connection. 

[008] FIG. 4 A illustrates a device module design in which a plurality of board leads are 
arranged on a module board for purpose of facilitating or otherwise enabling faster and 
better quality connections made form outside signal lines that are connected to a bottom 
end or portion of a device module. 

[009] FIG. 4B is a representative drawing illustrating a design of trace element paths on 

a device module, according to an embodiment of the invention. 

[010] FIG. 5 A is a front isometric view of a device module that is mated with a 

motherboard connector, according to an embodiment according to an embodiment of the 

invention. 

[011] FIG. 5B is a top view of FIG. 5 A, with a substrate of the device module removed 
from the connector, according to an embodiment of the invention. 
[012] FIG. 5C is a representative cross-sectional side view of a chip-to-chip connection 
between a controller and a device module, according to an embodiment of the invention. 
[013] FIG. 5D is a close-up of a portion of FIG. 5C delineated by circle G, under an 
embodiment of the invention. 

[014] FIG. 6 illustrate a motherboard connector for mating a device module to a 
motherboard, under an embodiment of the invention. 

[015] FIGS. 7A-7C illustrate different embodiments in which device modules are 
interconnected to one another on a motherboard using bus connections. 
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[016] In the drawings, the same reference numbers identify identical or substantially 
similar elements or acts. Any modifications necessary to the Figures can be readily made 
by one skilled in the relevant art based on the detailed description provided herein. 
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DETAILED DESCRIPTION 
[017] A. OVERVIEW 

[018] Embodiments of the invention provide for high-speed data connectivity and 
transfer amongst components of motherboards and other substrates. Various mechanisms 
and designs are employed in order to maximize signal integrity, minimize signal 
degradation, improve transfer speed and control impedance. 

[019] According to an embodiment, a device module is provided. The device module 
may be used to carry a plurality of devices, such as memory devices or other components. 
The device module may include a board, a first set of contact points, and a second set of 
contact points. A plurality of signal paths may be provided on the board, where each 
signal path extends between a contact point in the first set and a contact point in the 
second set. According to an embodiment, each of the plurality of signal paths has 
substantially an identical length and a same number of turns on the board. 
[020] As used herein, the term "substantially an identical length" in the context of two 
or more signal paths means that each signal path carries signals that when started and 
terminated at identical points on a straight line, have skew that is less than or equal to 
one-fourth the operational frequency of the system that generated the signals. 
[021] In another embodiment, a device module is provided having a board and a 
plurality of devices. In one embodiment, the device module includes at least one set of 
signal paths that have no turns. In another embodiment, the device module includes at 
least one set of signal paths that individually have two or fewer number of turns. In either 
embodiment, the overall length of the signal paths on the board are substantially identical. 
[022] As used herein, the term "signal path" means the path of a signal generated from 
one source and communicated directly or indirectly to another device. It is understood 
that the signal can be intercepted or otherwise processed by one or more intermediary 
devices 

[023] The term "turn" means a change in direction. For example, a turn in a signal path 
may include an elbow, or a 90 degree change in direction. 
[024] In another embodiment, a system is described for providing high-speed 
interconnectivity between a controller and a plurality of memory devices. The system 
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may include a set of one or more boards upon which a plurality of memory devices are 
provided. The set includes at least a first board on which at least some of the plurality of 
memory devices are provided. A plurality of signal paths may be provided on the first 
board, where each signal path includes a first set of contact points that interconnect the 
first board to the controller from a position that is proximate to one of the board's lateral 
sides. A second set of contact points may interconnect the board to another component 
from another position that is proximate to a second lateral side of the first board. Each of 
the plurality of signal paths has a substantially identical length and an identical number of 
turns between a contact point in the first set of contact points and a contact point in the 
second set of contact points. 

[025] B. DIRECT CONNECTION TO DEVICE MODULES 
[026] FIG. 1 A illustrates an embodiment in which a controller 1 10 (or other 
motherboard component) is directly connected to a device module. In an embodiment 
such as shown by FIG. 1 5 controller 1 10 is directly connected to a first device module 
120. The connection with the first device module 120 interconnects the controller 1 10 to 
a series of devices modules. For example, in FIG. 1, controller 1 10 controls and otherwise 
communicate with second device module 130 and third device module 140 through the 
connection with the first device module 120. In one application, each device module 120, 
130 and 140 is a memory module containing a plurality of interconnected memory 
devices. The controller 1 10 may correspond to a memory controller for the series of 
memory modules. For example, each device module 120, 130, 140 may correspond to a 
series of DIMM cards mounted on a common board. 

[027] The controller 1 10 may include a package substrate 1 12 and a CPU 1 14. The 
CPU 1 14 is mounted onto the package substrate 1 12. The CPU 1 14 may be conductively 
mounted using conductive balls, points or pins. The package substrate 1 12 is shown as 
being electrically connected to motherboard 115 using solder balls 118, although other 
forms of conductive connections such as pins, points, wires, wire bondings, or any other 
integrated circuit interconnection technology may also be used. The solder balls 118 may 
make one or more connection leads from the package substrate 1 12 to the motherboard 
115. 
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[028] The first device module 120 may include a plurality of devices 124 connected to a 
common module board 122. The second device module 130 and third device module 140 
may include similar devices that are interconnected by respective boards as well, 
although the arrangement and particular devices provided on each device board may 
differ. Each device module 120, 130, 140 may be mounted to the motherboard 115 with a 
respective board connector 125, 135 and 145. With respect to first device module 120, 
connector 125 is mated to the motherboard 115 and includes a receiving end 127 for a 
bottom surface 126 of the first device module 120. The connector 125 of device module 
120 may include a plurality of contact elements 123 that conductively connect selective 
circuits of the device module 120 to motherboard 115. The second device module 130 
and the third device module 140 may be similarly connected to motherboard 115 using 
respective connectors 135 and 145. Under a conventional design, the contact elements 
123 may be bent or otherwise non-linear when extending from motherboard 1 15 to 
module board 122. Under an embodiment such as shown with FIGS. 3A-3C, at least 
some of the plurality of contact elements 123 are substantially linear, so as to preserve 
signal integrity and promote transfer speed. Specific examples of such connectors for use 
with such embodiments are provided with FIG. 6. 

[029] Multiple signal lines have to be carried from the controller 1 10 to the first device 
module 120 in order to communicatively couple the controller to the first device module. 
Under traditional approaches, signal line connections between the controller 110 and the 
device module 120 are made by extending the signal lines inside the motherboard 115. 
This typically requires forming a series of interconnected vias for the controller 1 10 to the 
motherboard 115, and corresponding vias for the connector 125 of first device module 
120 to the motherboard 115. The result is the signal lines from the controller 1 10 and the 
module board 122 are interconnected using a "via-to-via" connection from within the 
motherboard. This approach is problematic for several reasons. Forming vias within a 
motherboard has additional costs and expenses. Furthermore, there is a limited amount of 
space on the motherboard, and if extended via formations can be avoided, there is benefit. 
Lastly, vias by nature are a source of signal reflection, unwanted inductance, and signal 
degradation. 
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[030] While the controller 1 10 and the device modules 120, 130 and 140 may all be 
connected to motherboard 1 15, an embodiment described herein provides for controller 
1 10 to connect to first device module 120 using a bus 150 that eliminates, or at least 
substantially reduces, the need for making the connection using vias internal to or on the 
surface of the motherboard 1 15. In one embodiment, bus J 50 is carried by a flex cable 
160 that connects to signal traces on the package substrate 1 12 and to signal traces on the 
module board 122. In another embodiment, the bus 150 is traced, overlaid, or otherwise 
presented on the outside of motherboard 1 15. As will be described, with FIG. 2A and 2B, 
the location of the connection between the bus 150 and the module board 122 facilitates 
high-speed signal transfer. Furthermore, the manner in which the connection incoming 
signal lines from bus 150 are received on the module board 122 of the first device module 
120 enables high-speed data transfer with little signal degradation, with all signal ines or 
paths being of equal length. 

[031] In an arrangement where multiple device modules are used, a second bus 1 52 
may connect signal lines on first device module 120 with signal lines on second device 
module 130. Similarly, a third bus 154 may connect signal lines on second device module 
130 with signal lines on third device module 140. As illustrated with FIGS. 7A and 7B, 
the second bus 1 52 and the third bus 154 may be carried in corresponding flex cables that 
can be serpentined between the series of device modules 120, 130 and 140. 
[032] In contrast to past and current approaches, an embodiment such as shown in 
FIGS. 1 A and IB avoids connecting signal lines on the package substrate 112 and module 
board 122 using "via-to-via" interconnections. Making a direct connection to device 
module 120 using bus 150 avoids signal degradation issues and other problems associated 
with traditional approaches for making such connections. A faster and better quality 
connection is made using a construction such as described, where buses external to 
motherboard 115 substitute for the use of vias. 

[033] FIG. IB is a top view of FIG. 1 A, according to an embodiment of the invention. 
In an example shown by FIG. IB, controller 110, first device module 120, second device 
module 130, and third device module 140 are mounted to motherboard 115. However, 
bus 150 (as carried in flex cable 160) is used to directly connect controller 1 10 to first 
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device module 120, as opposed to traditional interconnectivity structures that may be 
located within motherboard 115. Each device module 120, 130 5 140 may carry a 
corresponding series of devices 124, 134, 144 on one or both sides of each module board 
122, 132, 142 for that device module. Numerous device configurations, device types, and 
mountings or on-board connections are contemplated by embodiments of the invention 
for each device module 120, 130, 140. Some of these alternative constructions are 
described with other embodiments and examples provided herein. 
[034] As shown, signal lines 163 on package substrate 1 12 are connected to bus 150, 
which carried by a flex cable 160. Each device module 120, 130, 140 is edge-mounted to 
motherboard 1 15 on its bottom surface. With respect to first device module 120, flex 
cable 160 extends bus 150 to a lateral side 121 A. Signal traces for the first device module 
120 may be provided at or adjacent to lateral side 121 A for purpose of connecting first 
device module 120 to controller 1 10. A second flex cable 162 may carry a second bus 
between signal traces provided on lateral side 12 IB of first device module 120, and signal 
traces provided on a lateral side 131 A of second device module 130. A third flex cable 
164 may carry a third bus between signal lines provided on a lateral side 13 IB of second 
device module 130, and signal lines provided on a lateral side 141 A of third device 
module 140. In a serpentine configuration, additional device modules maybe added, and 
interconnected using the side-connected bus. FIG. 2B illustrates a suitable device module 
construction for enabling side-connected buses to be connected to the device modules. 
[035] While embodiments such as shown by FIGS. 1 A and IB illustrate that flex cable 
160 floats above motherboard 115 when extending bus 150 from package substrate 1 12 to 
module board 122, it should be noted that there are other ways to carry the bus 150. For 
example, the flex cable 160 may be affixed to a portion of the motherboard 115 between 
the package substrate 112 and the module board 122. As another example, signal lines 
may be at least partially carried from package substrate 1 12 to the module board 122, 
without use of a flex cable. 

[036] Furthermore, while embodiments described in FIGS. 1A and IB, as well as 
elsewhere in this application, describe the controller 1 10 as directly connecting to the first 
device module 120 using bus 150, it may also be the case that bus 150 provides only one 
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of two or more connections between the controller and the particular device module 120. 
Specifically, controller 1 10 may still include leads that are electrically coupled to the first 
device module 120 (or second or third device modules 130, 140) through a series of vias 
provided in motherboard 1 15. In one embodiment, not all signal lines that first device 
module 120 needs to receive communications from controller 1 10 are carried in bus 150. 
For example, power and ground lines (which have significantly less speed and quality 
requirements) may still be provided from motherboard 115 through connector 125. It is 
also possible to extend multiple busses such as described with bus 1 50 between controller 
1 10 and one or more of the device modules 120, 130, 140. 

[037] Also, while embodiments described with FIGS. 1 A and IB illustrate use of three 
device modules provided on a motherboard, more or fewer device modules may be used. 
For example, it may be possible to mount tens or even hundreds of device modules using 
techniques such as described in FIGS. 1 A, IB or elsewhere in the application. 
[038] C. DEVICE MODULE DESIGN FOR DIRECT CONNECTION WITH 
ANOTHER MOTHERBOARD COMPONENT 

[039] FIG. 2 illustrates a device module design in which a plurality of board leads are 
arranged on a module board for purpose of facilitating or otherwise enabling faster and 
better quality connections to be made with the device module. In particular, device 
module designs such as described in FIG. 2 may be used to receive a bus in a direct board 
connection with that device module, as described with embodiments of FIGS. 1 A and IB. 
[040] With reference to FIG. 2, a device module 200 is shown which is configured to 
promote signal integrity and speed from signal connections made to the device module 
from a bus. The device module 200 may include a module board 222 upon which a series 
of devices (represented by first device 226, second device 227 and eighth device 228) are 
mounted or otherwise interconnected. Examples of the devices that can be mounted to the 
module board 222 include memory components (e.g. DRAM devices). The module board 
222 may be referenced by a bottom edge 212, a top edge 216, and a pair of lateral sides 
21 8A and 21 8B. The bottom edge 212 may be the side on which- the device module 200 
is edge-mounted to a motherboard or other substrate. Accordingly, a plurality of contact 
elements 219 may be provided on or near the bottom edge 212. Signal traces may 
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interconnect each device 226-228 with other devices on the module board 222, or with 
the motherboard. As shown, each device 226-228 on module board 222 includes a set of 
trace elements 232 which extend downward to bottom edge 212. 
[041] In an embodiment, a first set of input/output points 230 is provided adjacent to 
lateral side 218A. A second set of input/output points 240 is provided adjacent to lateral 
side 21 8B. Each of the first set of input/output points 230 and the second set of 
input/output points 240 may connect to a corresponding bus to carry at least some signals 
to and from another device being interconnected to the device module 200. The signals 
introduced to the device module 200 by either of the first or second set of input/output 
points 230, 240 may correspond to more critical or important signals, including those in 
which speed and signal quality are of importance. Each device on the device module 120 
may receive or transmit signals through either a high or low speed signal line. Laterally 
extending trace elements are part of trace element paths 235 for carrying high-speed 
signals. Downward extending trace elements 232 are for less critical signals, such as 
ground and power. Trace elements paths 235 refer to trace elements that are 
interconnected by the devices to form a particular path for a signal. As shown by FIG. 2, 
the lateral extending trace element paths 235 extend between the first and second sets of 
input/output points 230, 240 in a substantially linear fashion. In an embodiment such as 
shown, the trace element paths 235 contain no turns. The result is that each trace element 
235 extends linearly between corresponding input/output points 230, 240 so as to have 
the same, or substantially the same length as other trace elements 235 extending between 
individual input/output points adjacent the lateral sides 218A, 218B. The result is that the 
trace elements are about the same length, and therefore have substantially identical signal 
conduction properties. 

[042] In contrast, prior art approaches includes turns in the trace element paths for both 
critical and non-critical signals. The inclusion of turns to adjust lengths of the signal 
traces results in added real-estate on the surface of the board module. However, the 
inclusion of turns in signal traces creates skew, in that some signal paths are longer than 
others. Also, reflection may exist as a result of impedance resulting from the turns in the 
signal paths. Under an embodiment such as described by FIG. 2, the trace element paths 
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235 extending to and from devices have the same or equivalent lengths, thereby 
equalizing impedance amongst signal traces. Furthermore, signal paths with equal lengths 
minimize or eliminating skew amongst signal traces and paths. 
[043] For a given signal received through a bus that is connected to the first set of 
input/output points 230, trace element paths 235 extend the signal from the first set of 
input/output points to a first device 226, a second device 227 and so forth until eight 
device 228 receives the signals. In this direction, the signals carried by trace element 
paths 235 may be transitioned out of the device through the second set of input/output 
points. This assumes that all devices on the board module 222 are intended to receive the 
signals from the first set of input/output traces 230. The same interconnectivity may be 
provided in a reverse order by trace element paths 235 when signals from an external 
component are received from a bus connected to the second set of input/output points 
240. In this direction, the first set of input/output points 230 may correspond to the point 
where signals are outputted onto a bus from the device module 200. 
[044] While an embodiment such as described with FIG. 2 illustrates devices that are 
arranged to receive signals from the first set of input/output points 230 in series, other 
embodiments may provide for other patterns or means for distributing the signals from 
the bus. For example, the first device that receive signals from input/output points 230 
may include an intermediate hub device (see e.g. FIG. 5A), which distributes signals to 
adjacent devices on the board module 222. Alternatively, more than one device can 
directly receive signals from the first set of input/output points 230. 
[045] D. CONNECTOR CONNECTION FOR DEVICE MODULE 
[046] FIGS. 3A and 3B are cross-sectional views of alternative embodiments in which a 
controller or other motherboard component is interconnected with a device module using 
a high-speed connection. As with embodiments described with FIGS. 1 A and IB, an 
embodiment such as described with FIG. 3 A avoids (or reduces) the need for "via-to-via" 
connections between the motherboard component and the device module. However, 
unlike embodiments described with FIGS. 1A and IB, a connection is made to a device 
module through a connector for mounting the device module to a motherboard. 
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[047] With reference to FIG. 3 A, a controller 3 1 0 is mounted to a motherboard 315. 
The controller 310 includes a CPU 314 connected to a package substrate 312. Conductive 
points, pins or solder balls may be used to interconnect the CPU 314 and the package 
substrate 312. The device module 320 is connected to motherboard 3 1 5 through 
connector 330. In an example provided by FIG. 3 A, device module 320 includes a 
module board 322 having a front face 326 and a back face 327. A substrate package 324, 
including a CPU 325 or other component, is shown on the front face 326. Another device 

329 may be provided on the back face 327. Signal traces 323 for connecting to connector 

330 may be provided on one or both faces 326, 327 of the module board 322. Other 
devices, substrate packages and/or components may be distributed on the module board 
322, on either the front face 326 or the back face 327, including in a direction that 
extends into or out of the paper. In one memory application for example, CPU 325 
corresponds to a hub device which is accessed as a switch that distributes 
communications from the controller 310 to other memory devices on the module board 
322. In this example, the device 329 on the back face 327 may correspond to a DIMM 
device. 

[048] With respect to the controller 3 1 0, package substrate 312 and motherboard 3 1 5 
may be interconnected by solder balls 318. Signal traces may be extended from CPU 314 
through micro vias in package substrate 318. The signal traces may be extended through 
one or more of the solder balls 3 1 9 to the motherboard 315. However, while the 
controller 310 and motherboard 3 1 5 are interconnected through various vias and other 
connective mechanisms, a different type of high-speed connection may be formed 
between the controller and the device module 320. Specifically, the connection between 
the controller 310 and device module 320 may be made through a flex cable 360 (or 
similar bus structure) that eliminates, or otherwise reduces the need for vias. 
[049] In one, flex cable 360 is connected to an exterior surface 3 1 3 of package substrate 
312. The exterior surface 313 may be immediately adjacent CPU 314, so that flex cable 
360 can also connect to signal traces on an underside of the CPU 3 1 1 . In one 
embodiment, flex cable 360 includes two layers, where one is for signals, and the other is 
for ground. Alternatively, a single layer construction may be employed. Flex cable 360 
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may be extended on an exterior surface 316 of motherboard 315. Alternatively, flex cable 
360 may be partially or completely submerged into the substrate that is the motherboard 
315. In either case, the flex cable 360 is extended to connector 330. In an embodiment 
such as shown, flex cable 360 is extended to a bottom surface 332 of the connector 330. 
[050] The connector 330 includes an opening 336 for receiving the bottom surface 321 
of the device module 320. The connector 330 may be substantially u-shaped, with a first 
structure 332 adjacent to front face 326, and a second structure 334 adjacent to back face 
327. In an embodiment shown by FIG. 3A, connector 330 is a hybrid connector, in that it 
includes two kinds of connector elements. In particular, a first plurality of connector 
elements 338 having a first geometric shape may extend through the first structure 332. A 
second plurality of connector elements 339, having a second geometric shape, extends 
through the second structure 334. The first plurality of connector elements 338 serve to 
extend electrical contact from the signal traces 323 of the module board 322 to individual 
signal lines carried in flex cable 360. The second plurality of connector elements 339 may 
serve to extend electrical contact from the signal traces 323 of the module board 322 to 
trace elements of the motherboard 315 and/or the flex connector 360. For reasons 
provided in the following paragraph, the first plurality of connector elements 338 may be 
used to extend high-speed connectivity between flex cable 360 and the device module 
320. The second plurality of connector elements 339 may be used to extend connectivity 
from trace elements 323 to non-critical signal lines (e.g. power, ground, low-speed 
signals) of the flex cable 360, and/or to the motherboard 315. 

[051] The first plurality of connector elements 338 are better suited for carrying high- 
speed signals to the device module 320 because of their signal path routing. Specifically, 
each connector element 338 is substantially linear. Moreover, each connector element 338 
may be optimally angled to shorten an overall length of that connector element. The 
shorter, straighter connector element 338 minimize or eliminate reflections, thereby 
controlling impedance, and improving signal quality and speed. In contrast, individual 
connector elements 339 are curved, or otherwise substantially non-linear. The geometric 
shape of connector elements 339 is one used in some prior art approaches. The curved 
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nature of connector elements 339 results in reflection and uncontrolled impedance, 
thereby resulting in signal degradation. 

[052] FIG. 3B illustrates a design that uses an alternative connector for connecting flex 
cable 360 to device module 320. In particular, connector 360 may be equipped with first 
and second plurality of connector elements 338, where some or all of the connector 
elements 338 have a common geometric shape. This geometric shape is, as described 
with FIG. 3 A, substantially linear. In addition, connector elements on the first structure 
332 and second structure 334 may be optimally angled to minimize an overall length of 
the connector element as it extends from the motherboard 315 to trace elements 323 on 
the module board 322. The benefits for having linear and angled connector elements 
described in FIG. 3 A or applicable to both first and second connector elements 338 
shown in FIG. 3B. 

[053] As FIG. 3 A and 3B are both cross-sectional views, it should be notes that not all 
of the individual connector elements in either the first or second plurality of connector 
elements need to have the same geometric shape, or even be of the same kind. For 
example, with reference to embodiments described in either FIG. 3A or FIG. 3B, the first 
plurality of connector elements 338 may include traditional pin connector elements, or 
traditional connector elements shown by elements 339 of FIG. 3 A. The traditional 
connector elements may be used, for example, to transfer power, ground, or low-speed 
signals. 

[054] While an embodiment such as shown by FIGS. 3A-3C illustrate flex cable 360 
being connected to surface 3 13 of package substrate 312, another embodiment may 
provide for the flex cable 360 to be extended under the package substrate. In this 
configuration, flex cable 360 extends adjacent a bottom surface 317 of the package 
substrate 312. The flex cable 360 may be overlaid on exterior surface 3 16 of the 
motherboard 315, and make contact with package substrate 312 through one of the solder 
balls 318. 

[055] D. DEVICE MODULE DESIGN FOR FACILITATING HIGH-SPEED 
CONNECTION WITH DEVICE CONNECTOR AND BUS 
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[056] FIG. 4 A illustrates a device module design in which a plurality of board leads are 
arranged on a module board for purpose of facilitating or otherwise enabling faster and 
better quality connections made from outside signal lines that are connected to a bottom 
end of a device module. Such bottom-end connections to device modules are normally 
made when device modules are mated or otherwise connected to motherboards using an 
edge-mounted motherboard connection. Examples of such edge-mounted motherboard 
connections are provided with FIGS. 3 A and 3B, although just about any type of bottom 
ended connection to a device module can benefit from an embodiment such as shown by 
FIG. 4A. 

[057] With reference to FIG. 4A, a series of devices (represented by first device 426, 
second device 427 and eighth device 428) are mounted or otherwise interconnected on a 
module board 422. Examples of the devices that can be mounted to the module board 422 
include memory components (e.g. DRAM devices). The module board 422 may be 
referenced by a bottom edge 412, a top edge 416, and a pair of lateral sides 41 8A and 
41 8B. The bottom edge 412 may be the side on which the device module 400 is edge- 
mounted to a motherboard or other substrate. Accordingly, a plurality of contact points 
419 may be provided on or near the bottom edge 412. 

[058] In an embodiment, a first set of input/output points 430 at or adjacent to bottom 
edge 412 and lateral side 41 8 A. A second set of input/output points 440 is provided at or 
adjacent to top edge 416 and lateral side 41 8B. The result is that the first set of 
input/output points 430 and the second set of input/output points 440 have approximate 
corner positioning on the board module 422, diagonally opposed from one another. Each 
of the first set of input/output points 430 and the second set of input/output points 440 
may connect to a corresponding bus to carry at least some signals to and from another 
device being interconnected to the device module 400. The signals introduced to the 
device module 400 by either of the first or second set of input/output points 430, 440 may 
correspond to more critical or important signals, including those in which speed and 
signal quality or of importance. Downward directed trace elements 419, on the other 
hand, may carry less critical signals, such as power and ground. 
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[059] Signal traces may interconnect each device 426-428 with other devices on the 
module board 422 , or with the motherboard. In an embodiment such as shown by FIG. 
4A, each device 426-428 is interconnected to other devices or to the motherboard by trace 
elements that extend in one of two directions. These directions include a downward 
direction and a lateral direction. Downward extending trace elements 419 extend to or 
near bottom edge 412 and terminate at contact points 419. Lateral extending trace 
elements 435 follow substantially lateral paths between the first and second set of 
input/output points 43 0, 440, with vertical segments of the path being provided at elbows 
431, 441. It should be noted that the path of each trace element 435, while being 
described as continuous, may in fact be segmented by individual devices 426-428. For 
example, the individual devices 426-428 may act as both termination and starting points 
(left and right sides of the devices) for each segment of a trace element path 435. 
[060] An embodiment such as shown by FIG. 4A enables bottom connections to be 
made to the device module 400, while at the same time preserving signal integrity and 
speed. In an embodiment such as shown by FIG. 4A, each trace element path 435 that 
initiates at input/output point 430 traverses across the board module 422 with no more 
than two turns or elbows. At a first elbow 43 1 or turn, each trace element path 435 is 
directed from a vertical direction into a lateral direction. These trace elements paths 435 
are extended to each device 426-428 linearly, in the lateral direction. Moreover, the 
effective length of each trace element path as it is extended to each device 426-428 and 
across the board module 422 is about the same length. 

[061] FIG. 4B is a representative drawing that illustrates trace element paths 43 5 A, 
43 5B on device element 400, according to an embodiment. For purpose of description, 
devices 426, 428 are shown in phantom. Segments of trace element paths 435A, 435B 
drawn in solid represent trace element segments on the module board 422. Segments of 
trace element paths 43 5 A, 43 5B drawn in phantom illustrate where devices intercept 
signals of trace element segments and forward the signals onto another trace element 
segment of the respective trace element paths 43 5 A, 43 5B. As shown by FIG. 4B, each 
trace element path 43 5 A, 43 5B goes through an inward and outward bend in between the 
first and second plurality of input/output points 430, 440. The net effect is that trace 
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element path 43 5 A is about or substantially the same length on device module 400 as 
trace element path 435B. Because the trace element paths 435A and 435B are 
substantially the same length, skew amongst different signal paths is minimized or 
eliminated. This allows high-speed data to be transmitted. 

[062] In order to match the overall length of the trace element path from a side of 
device 426 that is proximate to the input/output points 430, the device 426 may be 
configured to receive trace element paths 43 5 A, 43 5B in a slightly staggered alignment. 
The staggered alignment enables signals carried by trace elements 43 5 A, 43 5B to be 
received by device 426 at about the same time. Signals transmitted from device 426 to 
input points 430 may also arrive at the input points 430 at about the same time as a result 
of the staggered alignment of the trace element paths 435A, 435B. This is shown by 
contact point 455B of trace element 43 5B being further within device 426 than a contact 
point 455 A of trace element path 43 5 A. A similar staggered arrangement may be 
provided for connecting device 428 to the trace elements 435A 5 435B. A side of device 
428 proximate to input/output points 440 may connect to segments of trace element paths 
43 5 A, 43 5B in a staggered alignment, so that the segments of the trace element paths 
43 5 A, 43 5B between the device 428 and the input/output points 440 are about the same 
length. 

[063] DIRECT CHIP-TO-CHIP CONNECTION BETWEEN MOTHERBOARD 
COMPONENT AND DEVICE ON BOARD MODULE 

[064] While embodiments such as described by FIGS. 3A and 3B provide for extending 
a cable to connector elements of a connector on a motherboard in order to interconnect a 
motherboard component with a device module, other embodiments may provide for 
extending the flex cable (or other integrated bus structure) through the connector so as to 
make a direct connection with an element of a device module. FIG. 5A is a front 
isometric view of a device module 520 that is mated with a motherboard connector 530. 
The assembly may be provided on a motherboard (not shown in this figure). A flex cable 
560 (FIG. 5B) may be provided on an interior surface 535 (FIG. 5B) of the connector 
530. The device module 520 may include a hub package 525, which comprises a hub 
device 523 provided on a package substrate 524. The package substrate 524 in turn is 
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connected to a module board 522. A first set of devices 542 extend to the left of the hub 
package 525. A second set of devices 544 extend to the right of the hub package 525. 
[065] In one application, the function of the hub package 525 includes interconnecting 
the first set of devices 542 and the second set of devices 544 through a connection made 
to the hub package 525. Each device in the first set of devices 542 and in the second set 
of devices 544 includes a set of trace elements 536 which extend downward to the 
connector 530. These trace elements 536 may either extend to the motherboard or to a 
position where the flex cable 560 is mated. The latter would be the case primarily for the 
hub package 525. Trace elements that mate with the motherboard may be reserved for 
power, ground, or low-speed signal elements. Trace elements that interconnect with the 
hub device 525 (now shown), or alternatively with the flex cable 560, may be reserved for 
signals that are desired for high-speed transfer. 

[066] In an embodiment such as shown by FIGS. 5 A and 5B, another motherboard 
component (such as a controller 510 in FIG. 5C) can be directly connected to the hub 
package 525. The hub package 525 in turn interconnects the other motherboard 
component to the other devices on the device module 520. In contrast to past approaches, 
the connection to the hub package 525 may be made directly with a bus (e.g. as provided 
by flex connector 560) that extends from the other motherboard component, rather than 
other traditional techniques (such as using motherboard vias). 

[067] As with previously described embodiments, the set of trace elements 536 may 
utilize traditional connectivity to connect to trace elements on the underlying 
motherboard. Connectivity between hub package 525 and the flex connector 560 may use 
another mechanism. FIG. 5B is a top view of connector 530, showing flex cable 560 
extended to a position that will cause elements of flex cable 560 to mate with trace 
elements on the package substrate 524. In one embodiment, hub package 525 is 
positioned so that package substrate 524 contacts an interior surface 53 1 of connector 
530. 

[068] Various mechanisms for accomplishing a direct "chip-to-chip" connection 
between a motherboard component (e.g. controller 510) and hub package 525 using a bus 
(such as flex connector 560) have been described in U.S. Patent Application No. 
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10/426,930, entitled DIRECT-CONNECT SIGNALING SYSTEM, filed April 29, 2003. 
The aforementioned patent application is hereby incorporated by reference in its entirety 
for all purposes. With reference to FIG. 5B, an active contact may be made between flex 
cable 560 and trace elements on package substrate 524. An embodiment of FIGS. 5 A and 
5B, for example, shows a push-pin construction that aligns flex cable 560 in making 
contact with contact points on an exterior surface of the package substrate 524. A 
traditional mechanical fastener, such as a screw or clamp may make the active connection 
when alignment is achieved with the push-pins. Alternatively, the push-pins may provide 
both alignment and an active force. 

[069] With reference to FIG. 5B, a pair of push pins 540 are shown that extend into an 
interior cavity 536 of connector 530. The push pins 540 may serve as an alignment 
mechanism by aligning with and inserting into corresponding apertures 539. A traditional 
fastener, such as a screw or clamp may be used to secure the package substrate 524 
against the leads of the flex cable at precise contact points on the package substrate. 
[070] FIG. 5C is a representative cross-sectional side view of a chip-to-chip connection 
between a controller 510 and a device module 520. As shown, flex cable 560 is extended 
from a direct connection of a CPU 514 of controller 510 to hub device 523. The flex 
cable 560 may be fixed, suspended or submerged with respect to motherboard 515. A 
securement mechanism 580 (shown by circle G) may be used to actively contact leads on 
the flex connector 560 with contact points on the package substrate 524. This creates a 
direct contact between controller 510 and hub device 523. 

[071] FIG. 5D is a close-up of circle G, illustrating a securement mechanism 580, under 
an embodiment of the invention. Securement mechanism 580 may include an S-shaped 
contact element 550 is embedded within an insulative section 555 of connector 530. 
When no device module 520 is inserted, a tail 556 of the contact element protrudes from 
a bottom surface 551 of the cavity 536. When board module 522 is inserted into the 
cavity 536, the tail 556 is moveable downward so as to become flush with bottom surface 
551. This in turn causes the contact element 550 to rock or otherwise move clockwise. 
The contact element 550 may have a contact section 552 of that member presses against 
the flex cable 560 and creates an active force between individual signal lines of the flex 
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cable and a corresponding trace element 523 on the package substrate 524. In one 
embodiment, the trace element5 23 on the package substrate 524 may correspond to gold 
(or other conductive element) dots. 

[072] While FIGS. 5A-5D describe specific mechanism by which an active engagement 
is created for extending and connecting a bus carried in a flex cable directly to a device 
on a substrate of a device module, other embodiments may provide different mechanisms 
for creating the active engagement. For example, securement mechanism 580 may 
include an embedded roller that contracts upon the entrance of a substrate, then expands 
to force a flex cable into contact with contact points on the substrate. As an alternative, a 
flex cable may be provided with a specific type of connector described in U.S. Patent 
Application No. 10/608,255, entitled ARRAY CONNECTOR WITH DEFLECTABLE 
COUPLING STRUCTURE FOR MATING WITH OTHER COMPONENTS, filed June 
27, 2003. The aforementioned application is hereby incorporated by reference in its 
entirety. 

[073] CONNECTOR FOR EXTENDING HIGH-SPEED CONNECTION FROM 
MOTHERBOARD TO EDGE-MOUNTED DEVICE MODULE 
[074] FIG. 6 illustrate a motherboard connector for mating a device module to a 
motherboard, under an embodiment of the invention. A connector such as described with 
FIG. 6 may be used with, for example, embodiments shown and described with FIGS. 3 A 
and 3B. 

[075] FIG. 6 is partial, side cross-sectional view of a segment 632 of a connector 630. 
The connector 630 includes a motherboard contact surface 602. The segment 632 may 
form a portion of an opening 636 in which an edge of a board module (or other substrate 
end) is received. A body 638 of the connector 600 may be formed by insulative materials. 
A series of connector tunnels 610 may be formed with the body 638. FIG. 6 illustrates 
one connector tunnel 610 and connector member 615. Additional tunnels and connector 
members may be assumed to be similarly formed in the body 638 in a direction extending 
into and out of the paper. 

[076] Connector member may be provided a contact point 612 in an opening 622 
formed on an interior side 624 of the opening 636. In an embodiment, the contact point 
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612 is hooked or bent in a reverse-C or partial U-shape. The result is that contact point 
612 is rounded. The opening 622 is sufficiently large to enable the contact point 612 to 
engage, deflect and pivot, flex, and/or allow wipe, or otherwise move about. In an 
embodiment, connector tunnel 610 and connector member 615 are configured to reduce 
an overall length that a signal must travel form motherboard to contact point 612. 
Accordingly, a shaft 614 of connector member 615 is substantially linear. The shaft may 
form at least a majority, and preferably a substantial (greater than 80%) of the overall 
length of the connector member 615. Furthermore, shaft 614 may be angled within the 
body 638. To minimize a length of shaft 614, an angle 625 between shaft 614 and a 
surface of the motherboard is about 45 degrees. Other embodiments may increase or 
decrease the angle, preferably as needed to minimize the overall length of connector 
member 615. 

[077] When a substrate such as module board 622 is inserted into opening 636, the 
effect is that a surface of the board contacts the connector member 615 at contact point 
612. In an embodiment such as shown by FIG. 6, contact point 612 is moved 
counterclockwise, or towards an interior surface 621 of the opening 622. When contact 
point 612 is moved inward by the substrate, it resiliently presses back against the 
substrate. In turn, the substrate may be aligned so that a corresponding contact point on 
the substrate contacts contact point 621 . An electrical connection can then be made. The 
same mechanism can be used to make similar electrical connections for a series of 
connector members distributed axially (into and out of the paper) within the body 638. 
[078] In one embodiment, the manner in which connector 630 is formed is that 
connector tunnel 610 is formed to accommodate a shape, length and angle of the 
connector member 615. Since the connector tunnel 610 and the connector member 615 
are both substantially linear, it is relatively easy to insert connector member 615 into a 
corresponding tunnel. A tail end 619 of the connector member 615 is inserted into the 
tunnel first, until the tail end protrudes slightly within a tail opening 644. The tail end 619 
will, when connector 630 is mated with a motherboard, make contact with a 
corresponding conductive element on the motherboard. 
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[079] In one embodiment, tunnel 6 1 0 is shaped so that body 638 presses against a 
center section 61 lof the connector member 610. In one embodiment, the body 638 
presses on the center section 61 1 in order to retain the center section fixed. Alternatively, 
adhesive or other fasteners may be used to retain the center section 61 1 fixed. When the 
center section 61 1 is fixed, contact point 612, and tail end 619 flex and pivot about the 
center section 611. 

[080] In another embodiment, center section 61 1 may pivot within the body 638. For 
example, a protrusion or other element may be provided centrally within the tunnel 610. 
That region of the tunnel 610 may be slightly larger than a cross-section of the connector 
element, but the protrusion may prevent the connector member from being easily slid out 
of the connector tunnel 610. The result is that connector member 615 is moveable within 
connector tunnel 610. 

[081] MULTI-DEVICE MODULE INTERCONNECTIONS 

[082] Edge-mounted device modules may be combined together on motherboards in 

various arrangements. For example, such modules may be interconnected in series for 

purpose of communicating with one other motherboard component or controller. FIGS. 

7A-7C illustrate different embodiments in which multiple device modules are 

interconnected. 

[083] In FIG. 7 A, a controller 710, having a CPU 714 and substrate 712, are mounted to 
a first section of a motherboard 715. Multiple (two or more) device modules 720, 730 are 
positioned across from the controller 710 on the motherboard 715, using motherboard 
connectors. The motherboard connectors may be convention, or as described in FIGS. 
3A, 3B and 6. 

[084] A bus may interconnect controller 710 with the first device module 720, and then 
with the second device module 730 in series. The bus may be extended with a flex cable 
760. The flex cable 760 may be of a rigid-flex connection. The first device module 720 is 
provided the flex cable 760 as an integral (permanently fixed) component. A side mount 
(such as described by FIGS. 1 A, IB and 2) may be used to join the flex cable 760 with 
the first device module 720. 
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[085] FIG. 7B illustrates a series of board modules interconnected side-to-side. Each 
board module 710, 720, 730 in the series may be two-sided, so that devices are located on 
both the front face 712 and back face 714 of each module. Two flex cables 760, 762 may 
be provided. A first flex cable 760 connects front face 712 of first module 720 with a 
back face 724 of second board module 720 and then with a front face 732 of the third 
device module 730. The second flex cable 762 connects the back face 714 of the first 
device module with a front face 722 of the second device module, and then a back face 
734 of the third device module 730. Each flex cable to device module connection may be 
accomplished through a side connection, as described with embodiments in FIG. 1 and 
IB. Furthermore, front and back faces of each device module 710, 720 and 730 may have 
trace element path designs to facilitate high-speed data transfer and side mounted flex 
cables. Such designs are describe with FIG. 2, and elsewhere in the application. 
[086] FIG. 7C illustrates a signal trace design on a board module where side-mounted 
flex busses are used to interconnect that board module with other board modules. The 
trace element path design may be similar to embodiments described above, including 
with FIG. 2. 

[087] While certain aspects of the system for embodiments of the invention are 
presented below in certain claim forms, the inventors contemplates the various aspects of 
the system in any number of claim forms. Accordingly, the inventor reserves the right to 
add additional claims after filing the application to pursue such additional claim forms for 
other aspects of the system for maintaining electronic files. 
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